Turkish glacier inventory and classification from high-resolution satellite data by R.S. Azzoni et al.
Vol.:(0123456789) 
Mediterranean Geoscience Reviews (2020) 2:153–162 
https://doi.org/10.1007/s42990-020-00029-2
ORIGINAL PAPER
Turkish glacier inventory and classification from high‑resolution 
satellite data
Roberto Sergio Azzoni1 · Mehmet Akif Sarıkaya2 · Davide Fugazza1
Received: 25 February 2020 / Revised: 14 April 2020 / Accepted: 15 April 2020 / Published online: 28 April 2020 
© Springer Nature Switzerland AG 2020
Abstract
In view of the rapid and accelerating glacier retreat observed worldwide, the creation of an updated glacier inventory is fun-
damental to understand the glacier changes. Here we present the Turkish glacier inventory based on recent high-resolution 
satellite images (Pleiades, Google Earth™ and SPOT images). Outlines are manually digitized in ArcMap software. We 
identified 51 glaciers covering 12.29  km2: more than 60% of the Turkish glacierized area is located on Mount Ararat where 
the ice cap and four small outlet glaciers cover 7.37  km2. Turkish glaciation is characterized by small glaciers or glacierets 
partly debris-covered: only three glaciers (Erinç, Izbırak and Ararat glaciers) are larger than 0.5  km2. To assess the evolu-
tion of glaciers, we have focused on Mount Ararat where we digitized outlines for 1990, 1994, 2000 and 2016: in 26 years 
considered the glacier shows a retreat of 2.99  km2, − 29% of the initial value, showing a reduction rate dramatically higher 
than the main glacierized mountain ranges of the world.
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Introduction
Glaciers are key indicators of climate change, quickly 
responding to the present temperature warming (IPCC 
2013). In this context, frequent updates of glacier inven-
tories are fundamental for downstream hydrology and its 
present and future modelling (Immerzeel et al. 2010), in 
particular in the Mediterranean area where the climate is 
characterized by frequent summer droughts (Giorgi and 
Lionello 2008). Despite their unfamiliarity, glaciers do 
exist in Turkey and are located on the summits of the high-
est coastal mountains (e.g. Taurus) and on three interior 
stratovolcanoes (Mt. Ararat, Mt. Erciyes and Mt. Süphan) 
(Williams and Ferrigno 1998). The first modern stud-
ies on Turkish glaciers were performed by Erinç (1952) 
who reported detailed information about the glaciation of 
Mount Erciyes, Cilo Region and Eastern Pontic Moun-
tains, and Blumenthal (1958) who investigated mainly 
Mount Ararat (locally known as Mt. Ağrı) but also the 
ice bodies of the Aladağlar and Kaçkar Mountains. A 
first overview of the whole Turkey glaciation, based on 
reconnaissance field work and photographic analysis was 
reported by Birman (1968) and later by Horvath (1975). 
The increased availability of remote-sensing data led to the 
compilation to the first atlas of Turkish glaciers (Williams 
and Ferrigno 1998) based on Landsat imagery collected 
between 1975 and 1980: they reported a total area of 22.9 
 km2 for Turkish glaciers, mainly located on Mount Ararat 
(10  km2), Mount Uludoruk (8  km2) and Mount Süphan (3 
 km2). Hughes (2014) reviewed the glacier extent in the 
Mediterranean area and presented ice surface variation 
since the Little Ice Age for selected Turkish glaciers based 
on geomorphologic evidence. More recently Sarıkaya 
and Tekeli (2014) developed an updated Turkish glacier 
inventory from ASTER (Advanced Spaceborne Thermal 
Emission and Reflection Radiometer) imagery (obtained 
from 2003 to 2011; 15 m resolution) supported by Google 
Earth™ imagery, describing 17 mountain glaciers, 1 ice 
cap and 33 glacierets covering 11.52  km2. Yavaşlı et al. 
(2015) investigated the evolution of Turkish glaciation 
from the 1970s to 2012–2013 and found that the area of 
Turkish glaciers decreased from 25  km2 in the 1970s to 
10.85  km2 in 2012–2013. Some authors have investigated 
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the glaciation of a single mountain range: namely, the 
extent and evolution of Mt. Ararat glacier was analyzed in 
detail by Sarıkaya (2012); and Azzoni et al. (2017, 2019).
Considering the characteristics of Turkish glaciation, 
which is mainly characterized by small glaciers and gla-
cierets located in mountain cirques, high-resolution imagery 
is mandatory for a correct identification of glacier outlines, 
especially in the presence of supraglacial debris or snow 
patches. The analysis of recent high-resolution remote sens-
ing images from Pleiades (0.5 m pixel resolution) and SPOT 
6 and 7 (1.5 m resolution) satellites can provide new insights 
into the characteristics and evolution of small glaciers as 
reported by Berthier et al. (2014), Holzer et al. (2015) and 
Ruiz et al. (2015). Further still, new findings on Mount 
Ararat glacier based on field activities (Azzoni et al. 2017, 
2019) suggested the need for an update of Turkish glacier 
inventories. In this study, we present an updated, high-reso-
lution Turkish glacier inventory and classification based on 
Pleiades and SPOT data obtained between 2016 and 2017, 
focusing on the geomorphological characteristics of glaciers. 
Moreover, we assess the evolution of Mt. Ararat glacier, the 
most representative glacierized area of Turkey, over the last 
30 years, in the light of new considerations about the gla-
ciation of this area reported by Azzoni et al. (2017, 2019).
Study area
Turkey is located in the Eastern Mediterranean region 
between 36° and 42°N and 26° and 45°E. It has an average 
elevation of 1.140 m a.s.l. (above sea level), higher in the 
Eastern part where Mount Ararat (5137 m a.s.l.) reaches 
the highest point of the country. The region is character-
ized by the influence of the temperate Mediterranean cli-
mate and mid-latitude subtropical high-pressure systems (La 
Fontaine et al. 1990). Precipitation in Turkey is affected by 
the local topography, ranging from less than 400 mm per 
year in Central Anatolia and in the Easternmost part of the 
region to more than 2200 mm per year in the Eastern part 
of the Black Sea (Türkeş and Erlat 2005). In view of these 
orographic and climatic characteristics, glaciers are located 
only on the highest peaks of coastal ranges (Bolkar Moun-
tains, Aladağlar, Eastern Black Sea Mountains) and current 
glaciation is mostly characterized by small glacierets or 
perennial snow patches (Gürgen et al. 2010; Çalışkan et al. 
2014; Bayrakdar et al. 2015). Towards the eastern part of 
Turkey, the elevation of the snowline increases in associa-
tion with enhanced continentality (Kurter 1991). Indeed, the 
southeastern part of the Taurus Mountains presents a rela-
tively large number of glaciers. Moreover ice is also found 
on individual stratovolcanoes: Mount Ararat is covered by 
an ice cap while the flanks of Mt. Süphan host small glaciers 
(Fig. 1).
Methods
Image data
We analyzed 8 different Pleiades images of Turkish gla-
cierized area acquired in 2016 and in 2017 (0.5 m spatial 
resolution; see details in Table 1) choosing summer scenes 
to reduce the probability of snow and cloud cover and mini-
mize the occurrence of shadows. In the Eastern Black Sea 
Mountain area, we used SPOT 6 and SPOT 7 imagery at a 
slightly lower resolution (1.5 m) due to the lack of suitable 
Pleiades images. We also performed a detailed analysis of 
the Mount Ararat glacier employing multitemporal SPOT 
(1990, 1994 with a 10 m spatial resolution and 2000 with 
1.5 m spatial resolution), Google Earth™ (2010—3.5 m spa-
tial resolution) and Pleiades images (2016).
Topographic data
We downloaded six 1° × 1° tiles from the AW3D30 product, 
a global DEM generated from ALOS PRISM data (Takaku 
et al. 2016). While the DEM is initially produced at 5 m, 
we obtained the free downsampled version at 30-m resolu-
tion from JAXA (Japan aerospatial agency). Earlier glacier 
inventories have used the SRTM or ASTER GDEM (Paul 
et al. 2011; Sarıkaya and Tekeli 2014); in contrast, we chose 
the AW3D30 because of its closer temporal match to our 
inventory date compared to SRTM and better quality and 
accuracy compared to the ASTER GDEM. As concerns the 
acquisition date, tiles covering the study area were generated 
by merging raw data acquired between 2006 and 2011. As 
regards accuracy, the tile metadata report deviations from 
SRTM, ASTER and ICESAT, and the root mean square error 
compared to ICESAT ranges between 2 m and 3.66 m for 
the selected tiles. These were merged together and topo-
graphic parameters including minimum, maximum, mean 
and median elevation, elevation range, average slope and 
aspect were derived following recommendations by Paul 
et al. (2009). Additionally, we reclassified the DEM into 
50 m elevation bins to calculate the glacier hypsography.
Glacier limits delimitation
The outline of each glacier was manually digitized in Arc 
Map software. The high-resolution satellite images featured 
low or absent cloud coverage and were acquired when snow 
cover was at a minimum; thus, glacier outlines are clearer 
and can be better detected. Ice bodies featuring a surface area 
smaller than 0.01  km2 were not considered in this inventory: 
this threshold is suggested by international literature dealing 
with glacier inventories (GLIMS project and among others, 
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Paul et al. 2009). From the analysis of satellite images, we 
also derived information on glacier aspect and type (fol-
lowing the recommendations by Paul et al. 2009). To assess 
the potential error affecting data, the approach introduced 
by Vögtle and Schilling (1999) was followed. This method, 
largely applied in the recent past to evaluate the error in gla-
cier area (Smiraglia et al. 2015), is based on the calculation 
of the surface area buffer for each mapped glacier. Thanks 
to the high quality and resolution of the orthophotos and to 
the accurate manual mapping, we estimated an error lower 
than ± 2% of the actual value for the obtained glacier area.
Glacier inventory parameters
We followed the World Glacier Monitoring Service 
(WGMS) guidelines to compile the Turkish Glacier Inven-
tory (Paul et al. 2009). The parameters derived are: iden-
tification code (ID); coordinates; source used and acquisi-
tion date; planimetric surface area  (km2); maximum length 
(m); minimum, maximum, mean, and median elevation (m, 
a.s.l.); mean aspect. Topographic parameters were calculated 
Fig. 1  Location of Turkish glaciers in five different mountain groups
Table 1  Satellite Images and DEM tiles used in the production of the 
Turkish Glacier Inventory
Satellite product Date of acquisition Resolution (m)
SPOT 6 PMS 9 Sept 2016 1.5
Pleiades PHR 1B PMS 4 Sept 2016 0.5
Pleiades PHR 1B PMS_ 10 Sept 2017 0.5
Pleiades PHR 1A PMS 10 Sept 2016 0.5
Pleiades PHR 1B PMS_ 7 Sept 2016 0.5
Pleiades PHR 1A PMS 27 Aug 2016 0.5
Pleaides PHR 1B PMS_ 23 Aug 2016 0.5
Pleiades PHR 1B PMS 20 Oct 2017 0.5
Pleiades PHR 1B PMS_ 7 Sept 2016 0.5
SPOT 7 PMS 4 Oct 2016 1.5
AW3D N37E43 2006–2011 30
AW3D N37E44 2006–2011 30
AW3D N38E42 2006–2011 30
AW3D N39E39 2006–2011 30
AW3D N39E44 2006–2011 30
AW3D N40E41 2006–2011 30
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using the AW3D DEM. The length was calculated manually 
by digitizing the main glacier flowline.
Results
Present Turkey glaciation
In Turkey, we identified 51 ice bodies covering 12.29  km2 
(Table 2). More than 60% of the Turkish glacierized area is 
located on Mount Ararat where the ice cap and four small 
outlet glaciers cover 7.37  km2. Glaciers are present in 5 
different areas of Turkey: in addition to the main ice cap, 
12 glaciers are present on Munzur Mountains (covering 
0.31  km2), 29 glaciers are located on South Eastern Taurus 
Mountains (Buzul Mountains) (covering 3.82  km2), 3 ice 
bodies are located on Mount Süphan (covering 0.20  km2) 
and six glaciers are located on the Eastern Black Sea Moun-
tains (Kaçkar Mountains) (covering 0.58  km2). We did not 
consider the glacier located on the slope of the Mount Erci-
yes, described in Sarıkaya et al. (2009), because its area is 
now smaller than 0.01  km2, a typical threshold used in the 
regional glacier inventories (Paul et al. 2009). It was 0.05 
 km2 in August 2008 (Sarıkaya et al. 2009).
Distribution of glaciers according to size classes
The size class of Turkish glaciers ranged from 0.01 to 7.37 
 km2 on Mount Ararat ice cap (Fig. 2): two small glacierets 
described in the Randolph Glacier Inventory (Pfeffer et al. 
2014) and perennial snow patches were not taken into 
account in this inventory. The mean glaciers size is 0.24  km2 
but 76% of the ice bodies are smaller than 0.1  km2 and 94% 
of glaciers have a surface lower than 0.5  km2. Only three 
glaciers (Erinç, Izbırak and Ararat glaciers) are larger than 
0.5  km2. According to size class and glacier morphology and 
excluding the Ararat ice cap, most of the glaciers (i.e. 42) 
are classified as glacierets and eight glaciers are classified 
as mountain glaciers.
Distribution of glaciers according to aspect
The distribution of Turkish glaciers according to their aspect 
is largely influenced by the Mount Ararat glacier. In fact, 
considering the number of glaciers, ice bodies are mainly 
oriented northward: 27 ice bodies face north, 13 ice bodies 
flow toward northeast and 7 glaciers have a northwestern ori-
entation (Fig. 3). Considering the distribution of glacierized 
surface area according to aspect, 83% of the whole glacier 
area is oriented northward: this value is caused by the influ-
ence of the Mount Ararat Glacier, which has a mean aspect 
of 349° (North). If we exclude Mt. Ararat, the main aspect 
will be North East.
Distribution of glaciers according to elevation 
variables
The 51 Turkish glaciers have a wide altimetric range (Fig. 4). 
The average elevation is 3282 m a.s.l. The lowest elevation 
(2211 m a.s.l.) is reached by the North-Western tongue flow-
ing from the Mt. Ararat ice cap. This ice tongue is buried by 
a thick debris cover, which prevents melting of the underly-
ing ice. Mt. Ararat has also the maximum elevation among 
Turkish glaciers (5137 m a.s.l.), which roughly corresponds 
to the summit of the mountain.
Table 2  List of Turkish glacier divided in five main mountain groups
Mountain group Number of glaciers Area  (km2)
Munzur mountains 12 0.31
South Eastern Taurus Moun-
tains (Buzul Mts.)
29 3.82
Mt. Süphan 3 0.20
Eastern Black Sea Mountains 
(Kaçkar Mts.)
6 0.58
Mt. Ararat 1 7.37
Turkey 51 12.29
Fig. 2  a Number frequency distribution and b surface area frequency 
distribution of the Turkish glaciers. Glaciers were sorted according to 
six size classes
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The size of Mount Ararat glacier compared to the other 
smaller glaciers is also reflected in its importance in the 
overall glacier hypsography (Fig. 5). For the small glaciers, 
elevation ranges between 2750 m a.s.l. and 3950 m a.s.l. 
Conversely, Mt. Ararat glacier has a large part of its area at 
4700 m a.s.l., although the large elevation range of this gla-
cier shows that there is contribution from all elevation bins.
Distribution of glaciers according to length
The maximum length of glaciers, obtained from a manual 
definition of the main flowline, highlights the same con-
sideration obtained from the other glacier parameters: 80% 
of Turkish ice bodies are shorter than 500 m and 92% of 
glaciers has a flowline lower than 1 km (Fig. 6). The long-
est Turkish glacier is on Mt. Ararat: from the peak of the 
mountain (5137 m a.s.l.) to the snout of the Cehennem ice 
flow (2193 m a.s.l.), the flowline is 7860 m.
Mt. Ararat glaciers
The glacierized area of Mt. Ararat can be classified as an 
ice cap; however, we identified four main ice bodies flowing 
downward from the summit plateau. Three ice bodies, that 
correspond to the Parrot Glacier, on the Northwest flank, 
the Cehennem Glacier (Azzoni et al. 2019), on Northeast-
ern flank of the mountain, and the Parachute Glacier on 
the Southwest side of the mountain, are characterized by a 
thick debris cover, which strongly influences surface melt-
ing and glacier evolution. The summit ice cap consists of 
two separated flat areas: the Western Plateau, located under 
the summit at about 4700 m a.s.l., and the Heyelan Pla-
teau, located on the Northern side of the glacierized area 
at 4300 m a.s.l. The ice cap features a regular topography, 
without wide crevassed areas. Multitemporal medium and 
high-resolution data permit to investigate the evolution of 
Mt. Ararat glaciation from 1990 to 2016 (Table 3) The ice 
cap retreated from 10.35  km2 in 1990 to 7.36  km2 in 2016, 
as reported in Table 3. In 26 years, the glacier retreated by 
2.99  km2 losing 29% of the initial area.
Discussion
Characteristics of Turkish glaciers
The Turkish glaciation is characterized by two very differ-
ent faces: a wide ice-cap located in the Eastern part of the 
country, on the top of the Mt. Ararat, and numerous small 
mountain glaciers or glacierets (50 glacier with a mean sur-
face of 0.10  km2) located in four different mountain groups. 
These latter have the typical characteristic of Mediterra-
nean ice bodies or glacierets like those that can be found in 
the Pyrenees (France, Spain and Andorra), Maritime Alps 
(France and Italy), Apennines (Italy), Julian Alps (Italy and 
Slovenia), Tatra Mountains (Slovakia), Dinaric and Alba-
nian Alps (Montenegro, Albania and Bosnia) and Pirin 
Mountains (Bulgaria), as reported by Hughes (2014). In 
these mountainous regions, glaciers cover few square kilo-
meters. In the Pyrenees, glaciers cover 5.25  km2 (Gardent 
et al. 2014; Gonzales-Trueba et al. 2008), on Maritime Alps 
only three small glacierets are present on the French side 
(Gardent et al. 2014) and six glaciers covering 0.41  km2 
survive on the Italian side (Diolaiuti et al. 2019). The Apen-
nines are characterized by two small glacierets covering 0.04 
 km2 (Diolaiuti et al. 2019). In the On Julian Alps ice covers 
0.30  km2 (Diolaiuti et al. 2019). The other ice bodies in 
Slovakia, Albania, Montenegro, Bosnia and Bulgaria cover 
in total less than 0.20  km2 (Diolaiuti et al. 2019).
Fig. 3  Distribution of the number and surface area of Turkish glaciers 
according to their aspects
Fig. 4  Boxplots of minimum, mean, and maximum elevations of the 
Turkish glaciers 
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Glaciers and glacierets survive in niche localities thanks 
to their local topoclimatic controls, such as avalanching or 
windblown snow, which can increase accumulation (Hughes 
2009). Many ice bodies present a wide debris cover and 
in many cases debris supply from surrounding rock walls 
(Azzoni et al. 2018) exceeds snow accumulation leading to 
the formation of wide patches of buried ice and, eventu-
ally, the formation of a rock glacier if the ice-debris mass 
is able to move and flow down-valley (Hughes 2014). Con-
sidering the classification of the ice bodies, glaciers sensu 
strictu are present in Turkey only on Mount Ararat and in 
the Buzul Mountains: in the other mountainous groups ice 
bodies are classified as glacierets due to their size and their 
morphology.
Part of these surviving glaciers can be considered rem-
nants of the Little Ice Age (LIA) glaciation: geomorphologi-
cal evidence of LIA moraines was found near Uludağ Peak 
(80 km south) from Erinç (1952), Birman (1968) and Zahno 
Fig. 5  Hypsography of Turkish glaciers in 50 m elevation bins. The graph shows separate series for Mount Ararat and all the other glaciers
Fig. 6  a Number frequency distribution and b surface area frequency 
distribution of the Turkish glaciers
Table 3  Mt. Ararat glacier evolution in the timeframe 1990–2016
Year Source Area  (km2)
1990 SPOT 1 10.35
1994 SPOT 3 9.55
2000 SPOT 4 8.72
2010 Google Earth™ 7.28
2016 Pleiades 7.36
159Turkish glacier inventory and classification from high-resolution satellite data 
1 3
et al. (2010), on Mount Cilo (Kurter 1991) and Mount Ararat 
(Azzoni et al. 2017), whilst in the Eastern Black Sea Moun-
tains moraines associated with a LIA advance appear to be 
absent (Akçar et al. 2008) suggesting dry and cold climatic 
conditions during the LIA (Hughes 2014).
Evolution of Turkish glaciers
As concerns recent glacier evolution, few comparable 
data are available for most Turkish glacier, due to the lack 
of multi-temporal high-resolution that permits a reliable 
mapping of small glaciers. Nevertheless, we chose to com-
pare our inventory with the one produced by Sarıkaya and 
Tekeli (2014), as their outlines are publicly available as 
part of the Randolph Glacier Inventory (RGI). Despite the 
same overall glacier number (51), the glacier area (12.28 
 km2 compared to 11.50  km2) are higher in our inventory 
than in the RGI. The small number of glaciers permits a 
detailed assessment of these differences: 13 glaciers in 
the RGI are not in our inventory, as a result of extinc-
tion. Conversely, we listed 15 glaciers which were not 
included in the RGI. Additionally, 3 glaciers in the RGI 
underwent fragmentation in two separate glaciers each. If 
we exclude glaciers reported in our inventory but not in 
the RGI, glacier area in our inventory becomes 12.00  km2, 
which is still slightly higher. The remaining difference can 
be explained by the inclusion of debris covered areas on 
Mount Ararat, which is 1.7  km2 larger in our inventory 
(see Fig. 7). The improved classification of debris-covered 
areas here is supported by recent field observations pre-
sented in Azzoni et al. (2017, 2019).
Excluding Mount Ararat, all but four of the other small 
glaciers listed in the RGI have seen a reduction in area. The 
maximum reduction is 0.12  km2 for the Geverok Glacier 
in the southeastern Taurus mountains, which lost about 
a third of its size from 0.37  km2 to 0.25  km2. Among the 
four glaciers which saw an increase in their area, two have 
changes < 0.01  km2, while the Avucur Glacier in the East-
ern Black Sea mountains has the largest positive change at 
0.04  km2. These changes can also be explained by the dif-
ferences in mapping debris cover; the uncertainty related to 
debris covered areas is unavoidable but likely reduced for 
Fig. 7  Mt. Ararat glacier outline evolutions between 1990 and 2016
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our inventory, as the outlines were entirely produced using 
high-resolution (≤ 1.5 m) data.
The comparison between the two inventories (again 
excluding Mount Ararat) shows a weak relationship between 
glacier area and recession (see Fig. 8a). A decrease in area 
occurred at all elevations < 3750 m a.s.l. (except 3500 m 
a.s.l., see Fig. 8b). The largest changes occur between 2800 
and 3450 m a.s.l. Changes are lower below 2800 m a.s.l., as 
few glaciers actually reach these elevations. At the higher 
elevations, positive changes might reflect different interpre-
tations of the glacier accumulation basins. The total area loss 
of small Turkish glaciers from the previous inventory can be 
estimated at 0.76  km2. While it is difficult to estimate reces-
sion rates because the work by Sarıkaya and Tekeli (2014) 
used images from different years (2003–2011), this value 
represents a speed up of glacier recession compared to their 
estimate of 0.07  km2  y−1. However, taking into account the 
uncertainty related to glacier mapping and the added issues 
of debris cover, the time difference between the RGI and our 
inventory is relatively small to provide accurate estimates of 
changes. Over longer time scales, the comparison between 
our inventory and the previous reports of glacier area in the 
1970s by Kurter (1991) and Yavaşlı et al. (2015), reveal 
approximately a 50% reduction.
Fig. 8  Glacier changes between 
this study and the Randolph 
Glacier Inventory (RGI) out-
lines produced by Sarıkaya and 
Tekeli (2014). a Glacier change 
with respect to glacier area. The 
area from the RGI is used as the 
dependent variable. b Glacier 
change at different elevation 
intervals (50 m elevation bins). 
Mt. Ararat is excluded from this 
comparison
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We have also considered the position of the snowline 
on the satellite images as a proxy for the Equilibrium Line 
Altitude (ELA) of Turkish glaciers. This altitude varies sub-
stantially moving from West toward East. On Munzur and 
Kaçkar Mountains, the ELA is difficult to estimate due to 
the morphology of these ice bodies. On Buzul Mountains, 
the ELA is about 3500 m a.s.l., while it reaches 4200 m a.s.l. 
on Mount Ararat.
To assess the evolution of Mount Ararat glacier, we re-
digitized outlines for 1990, 1994, 2000 and 2016. In 1990, 
the glacierized area of the volcano was 10.35  km2, whereas 
in 2016 the glacier covered 7.36  km2. In 26 years, the glacier 
shows a retreat of 2.99  km2, -29% of the initial value. The 
recession rate (i.e. glacier area change, reported as percent-
age of area lost per year) was 1.9% per year between 1990 
and 1994, 1.4% between 1994 and 2000 and 1.0% between 
2000 and 2016. This apparent slow-down of glacier retreat 
can be partly decoupled from regional climate trends. In fact, 
the assessment of a long-term climate trend in the region 
revealed a general increase in measured air temperatures 
of about + 0.06 °C  year−1 and no significant precipitation 
trends (Sarıkaya 2012). The slow-down can thus be traced 
back to the increasingly thick debris cover on the three main 
ice flows discharging ice from the ice cap. At 1.0%  year−1, 
the recession rate is still dramatically higher than the main 
glacierized mountain ranges of the world such as the Hima-
layas, Karakoram (Bolch et al. 2012) and Alps (Kӓӓb et al. 
2002; Gardent et al. 2014; Smiraglia et al. 2015) and com-
parable to the evolution of tropical glaciers such as in the 
Bolivian Andes (Cook et al. 2016) or Kilimanjaro (Cullen 
et al. 2013) and in the Mediterranean area (Hughes 2014).
Conclusions
This study presents the results of the a recent (2016–2017) 
high resolution inventory of the glaciers of Turkey with 
a focus on the evolution of Mount Ararat glaciation; We 
identified 51 glaciers, of which 8 can be considered glaciers 
sensu strictu, while 42 are glacierets, often surviving thanks 
to partial debris-cover.. Turkish glaciation sums up to 12.29 
 km2, and is dominated by Mount Ararat, which covers more 
than 60% of the area, while only three glaciers are larger 
than 0.5  km2. While recession rates from previous studies 
are difficult to quantify because of the different resolution 
of data used and the small size of glaciers which can cause 
large uncertainties owing to differences in interpretation, 
we estimated an area loss of 0.76  km2 from the Randolph 
Glacier Inventory, excluding Mount Ararat.
The use of high-resolution satellite images and the manual 
delineation of glacier outlines in our inventory should mini-
mize errors in small glaciers or glacierets located in niches 
or gorges. In these cases, the use of medium-resolution 
satellite images (i.e. Landsat or Sentinel) prevents the cor-
rect interpretation of glacier outlines due to shadows and 
snow cover. Correct mapping of highly debris-covered areas 
remains challenging even if high-resolution source data are 
used. Nevertheless, the use of source data with highest pos-
sible resolution supports the future creation of glacier inven-
tories, in particular in areas dominated by small glaciers or 
glacierets such as the majority of Turkey.
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